Closed-loop supply chain strategies for End-of-Life (EOL) product and its logistics operations have received greater attention in the last few years. These strategies include warranty-based acquisition, quantity-based acquisition, quality-based acquisition, centrally coordinated logistics operations and third party logistics operations. This research connects two aspects of an automobile's closed-loop supply chain strategy. The first aspects is the optimal transportation planning for raw material parts, newly manufactured and end of life product in a closed-loop supply chain keeping the demand, collection rate and capacity of associated facilities in the network as functional parameters. A mixed integer mathematical model is formulated for the closed-loop supply chain network with a multi-echelon inventory, multi-period planning and multi-product scenario all used to compute the maximum contribution margin generated through different strategies. The second aspect pertains to using the output of this model for handling the sequential form of cooperative game. The proposed two-phase decision model analyzes the 'realization times' and 'delivery limits' of different products as an indicator of swapping different strategies. Three instances have been analyzed to understand and validate the applicability of the model. In these scenarios, sensitivity analysis has been performed and managerial insights are presented which provide flexibility in decision making.
reaching a level of US$ 145 billion accounting for more than 10% of the GDP and providing additional employment to 25 million people by 2016". Apart from profit, OEMs are motivated by take -back laws imposed by the regulatory authority (Malhotra, 2011) . On the basis of the proposal, the Society of Indian Automotive Manufacturers (SIAM) created a recycling task force. In Northern India, it was found that ELV reprocessing is mostly organized by an informal unregulated sector, otherwise known as external remanufacturers (ERMs) (Chaturvedi et al 2012) . Then, our analysis examines the effects of parameters such as demand, capacities and collection rates of, optimal shipments and total profit. The paper is further organized as follows. Section 2 presents a brief survey of existing literature in this area. In Section 3, the proposed two -phase mixed integer programming model is presented with sequential linear equation for the pay-off matrix. Results of computational experiments using sample instances are given in Section 4, and the conclusions and scope for future studies are presented in Section 5.
Literature review
In spite of a considerable amount of research already having been carried out on supply chain network design, problems related to logistic routing and scheduling, fleet size optimization, warehouse load balancing, etc. have created sufficient awareness of the importance of incorporating reverse and CLSC activities. The literature on the strategic CLSC network design problem and its variants are quite rich, and the reader is referred to the books of Flapper et al. (2005) , Lebreton (2007) , and Ferguson and Souza (2010) , the book review by McGovern (2009) , and the comprehensive survey by Srivastava (2007) . Akcal et al. (2009) provide a wide coverage of state of the art models and solution algorithms. Although there have been many studies on reverse logistics, there is still a gap that needs to be filled when it comes to modelling for the strategies of the CLSC. This work provides several pointers to the relevant literature. A CLSC model for remanufacturing has been studied by Ravi et al. (2013) , Jayaraman et al. (1999) and Özceylan et al. (2012) in which decisions relevant to shipment and remanufacturing of a set of products, as well as establishment of facilities to store the remanufactured products, are taken into consideration. The model is in the form of a binary integer programming formulation that minimizes a total cost function involving the opening of any facility, shipment, remanufacture, and inventory. A reverse logistics network design problem is analysed for the impact of product return flows on logistics networks by Fleischmann et al. (2001) . Krikke et al. (2003) presented a quantitative model to support decision-making concerning both the design structure of a product and its logistic network. Environmental impacts are also calculated by linear energy and waste functions. Economic costs are modelled as linear functions of volumes with a fixed set-up component for all CLSC facilities. Guide et al. (2003) took a contingency approach in running CLSCs with end of life product recovery. Paksoy et al. (2011) proposed a mixed integer programming model to optimise a CLSC problem, which captured the trade-offs between various costs, including those of excretions. Pishvaee et al. (2011) proposed a robust optimization model to address the intrinsic uncertainty of input data in a CLSC network problem. Jayaraman (2006) took an analytical approach towards production planning and material handling for CLSCs with product recovery and reuse. The model includes the number of core units with a nominal quality level that is disassembled, disposed, remanufactured and acquired in a given time period. The problem of consolidating returned end of life products in a CLSC was studied by Min et al. (2006) , who proposed a mixed integer nonlinear programming model and a genetic algorithm for its solution. Yang et al. (2009) developed a model of a general CLSC network, which includes raw-material suppliers, manufacturers, retailers, customers, and recovery centers. Kannan et al. (2009) designed an integrated multi-echelon inventory distribution for closed-loop multi-echelon distribution inventory supply chain model for the make-to-order environment using genetic algorithm and particle swarm optimization. Kannan et al. (2010) proposed a multi-echelon, multi-period, multi-product CLSC network model for product return channels, in which decisions were made regarding material procurement, production, distribution, recycling, and disposal. Bhattacharyya et al. (2014) and Shi et al. (2011) studied a production-planning problem for a multi-product closedloop system, in which the manufacturer has multiple channels for distribution: producing brand-new products and refurbishing returns into almost-new products. This study is similar to that of Kannan et al. (2010) and Özceylan et al. (2012) , although this also considers the transfer of used products from the previous period to the next period, restricting our attention to swapping of strategies rather than material flow.
We propose a mixed integer programming model for designing the CLSC network. In the next phase, the results of the proposed model are used in sequential equation of game theory. The contributions of this paper to the literature are twofold: (1) multi-part mixed integer linear programming modelling with a multi-echelon inventory system and multi-period planning in a multi-product scenario of profit maximization and (2) analysis of realization time and/or delivery limits using the pay-off matrix of the sequential equation of game theory for each combination of strategies.
The approach has the potential to help decision makers to be flexible in their decision-making processes.
Problem Definition & Modelling
A CLSC model is proposed in which upstream and downstream flow of materials and their combined influence are considered simultaneously. The CLSC members are broadly classified into two groups: (1) forward chain facilities and (2) reverse chain facilities. The first group is used to purchase parts and to assemble them into products and deliver them to end users, whereas the second group is used for collecting, disassembling, servicing or discarding, extracting and dumping of the same products. The network is structured as a typical four-layer forward supply chain, with the following component: (1) four ancillary suppliers, (2) four assembly plants, (3) eight stores, and (4) five dealers. Similarly, a four-layer structure is considered for the reverse chain, that includes: (1) two collection yards, (2) three ELV dismantlers, (3) two service centers, (4) one trash yard for shredding and (5) one debris for dumping The network also includes multiple suppliers for the purpose of sourcing different parts for a certain number of plants in which the facilities cater to the same demand pattern. Purchased parts are assembled in assembly plants, and end products are transported to stores for crossdocking. The forward flow is complete when dealers receive the end product from a nearby store for merchandising. This network owns only one centrally co-ordinated service center dedicated for auto part refurbishment. The rest of the service centers are franchise operated and dedicated only for after sales servicing. For reasons of proximity, franchised service centers are a much better option for customers compared to a central service center. Here, demand is present at the dealer's level directly and that becomes both an exit point for a new product and an entry point for a used product. Shipment planning is therefore considered at the dealer place in the network.
The reverse flow starts when the used products are returned by customers and shipped from dealers to the collection yard. In this network, the used products are sent from various dealers' locations to the collection yard for two major reasons: (1) technical, such as defective parts or breakdown and (2) commercial, such as exchange offer or resale option for in-warranty claims or out-of-warranty service. Dealers' locations are divided into zones and each zone has a certain demand pattern. In the case of ELV return and resale, OEMs' production planning includes zone-wise collection rate and demand for information regarding used products. Used products acquired by different reintegration strategies i.e. "strategy of acquisition" based on warranty time (WRNT) and quality (QA), can create four possible states by a combination as follows: (1A) in warranty and in good condition, (2A) in warranty but in bad condition, (3A) out of warranty but in good condition and (4A) out of warranty and in bad condition. These used products in states (2A), (3A), and (4A) can be transported to ELV dismantlers via collection yards for recycling, or if the used product is in state (1A) and does not require any substantial processing, they can be directly shipped to stores after minor rework for resale. The products returned to the ELV dismantlers are inspected and discarded accordingly by "the reintegration strategy of acquisition", and classified and organized by "the reintegration strategy of conveyance." Products in states (2A), (3A), and (4A) are returned for disassembly, recycling, and / or refurbishing to make them reusable. Products except disassembled parts are sent to the trash yard for shredding.
From the trash yard, ferrous metals and non -ferrous metals are obtained by the ancillary suppliers through "the reintegration strategy of cannibalisation" i.e. (1B) quantity-based acquisition (QNT) and (2B) deposit fee-based acquisition (DEP). Extracted raw material is then shipped to manufacture new parts at the facilities of ancillary producers and shredder fluff is sent for landfilling. Any thorough ELV take-back law or regulation introduced (Mohan 2014) to reduce extraction of raw material from natural resources would help OEMs to start a raw material recovery program and subsequently achieve stability and yield a profit in the long run. After the disassembly of a product, auto parts are cleaned and tested. This is similar to assembly lines, but not at quite such a high volume. The out-of-warranty and bad condition products or auto parts are sent to the disassembly line and transported onward to service centers. The servicing process is performed on the parts to bring them back to reusable condition. These 'almost-new' parts are transported to plants and used for manufacturing products in the next period.
The price of the product is mostly dependent on the reintegration strategy used in the network. Our research covers two types of product i.e. two variants of a passenger car, which are similar in terms of their components at each level (core, actual and augmented) and have limited variation in cost parameters (Kotlar, 1999) . However, the model includes multiple product categories in terms of product lifecycle, i.e. new products and used products. Used products are further classified into two ranges: (1) recycled products and (2) non-recycled used products. Here, new products consume new parts, recycled products consume new parts and used parts, and non-recycled used products consume neither new nor used parts. There are two ways in which an enterprise can supply parts. The first is by purchasing the required parts from external suppliers, and the other is acquiring parts from secondary market by disassembling and overhauling the used products, which are in states (2A), (3A) and (4A) for remanufacturing.
Accordingly, the prices of new products, recycled products and non-recycled used products are different according to their demand.
The shipments of new recycled and non-recycled used products and/or spare parts of new and recycled products are transported from each facility to another facility so as to maximize the total profit through the ELV recovery program for the entire planning horizon of four periods. We have considered five kinds of cost: transportation, purchasing, processing, servicing, total inventory carrying cost and fixed costs for opening or closing of prospective ancillary suppliers, assembly plants and dealers where transportation cost changes with reintegration strategies of conveyance, i.e. (1C) centrally coordinated system (CCS), and (2C) third party coordinated system (3PL).
Purchasing and processing cost changes with reintegration strategies of acquisition and cannibalisation, i.e. The problem is intensified by an additive price dependent demand function. Even though, the firm produces more than one brand, the study deals with only one of these. New products, used products and non -recycled used products of the same brand differ in quality status and warranty status and have different prices on the market. Here, the price dependent uncertain demand is represented by the additive form suggested by Jen -Ming Chen et al. is price dependent and substitutable among new products, used products and non -recycled used products. The quantities of recovered core material from ELVs represent an input parameter and could be controlled by the firm solely using reintegration strategies of acquisition and cannibalization and are known as "endogenous" to the firm (Shi et al. 2011) .
Assumptions for the problem are as follows:
(1) The demand for each product is multi-period; uncertain, and must be fully satisfied (i.e. no shortages are allowed).
(2) The capacities of all facilities both forward and reverse are limited and fixed.
(3) All costs are deterministic and known as priori.
(4) Collection, dismantling and cannibalization rates are known. 
Objective Function
The objective function value is the contribution margin or profit of the OEM with different sets of strategies, which has two generic components. The first one is revenue, which is calculated using price and demand of all (a) variantbased product category and (b) lifecycle-based product category. Second one is representing cost, which is the algebraic sum of quantity of shipments multiplied by transportation cost, holding cost, purchasing cost, processing cost and discarding cost respectively. Fixed cost associated with opening or closing of network facilities is added separately, as it is dependent on binary variables. Here, constraints from (i) to (viii) ensures that the production and transportation amount must not go beyond the capacity of all network facilities from extreme upstream i.e. ancillary supplier to extreme downstream i.e. trash yard.
Constraint (ix) is balancing forward shipment quantity and shipment of ELVs. Constraints from (xi) to (xiv) ensure that demands of each categories and types of product must fully be met with best (cost effective) possible combination of manufacturing and re-manufacturing. Constraint (xv) represents binary variables and last two (xvi) and (xvii) signify non-negativity of constraints.
Now in the next stage of this modelling, we have introduced the simultaneous equation. The objective function value of s
G is the overall contribution margin or profit generated from the whole supply chain management in the proposed closed loop network. Here, the value of s G is used as a payoff value for the simultaneous game. Constraint (xviii) and (xx) specify that a total aggregated contribution margin generated from each strategy should be greater than U i.e. minimum profit of Player M and less than V i.e. maximum loss for Player N respectively. Lastly, constraint (xix) and (xxi) ensures that the summation of all possible RLTs and/or Delivery Limits is 100% or 1 for each strategy of player M and N respectively.
Objective functions Constraints
Once again we used mixed integer linear programming to solve the payoff matrix. As a result, we found the percentages of s q and s F , which are final outcomes of the model in a form of RLTs and/or Delivery Limits. Thus, OEM could figure out that how much RLT and/or delivery limits be allocated for individual strategies. RECOP and LOGOP strategies are interchanged after certain RLT and/or delivery limits in a planning horizon.
Computational Experience
In this section, the results obtained from the proposed model are presented using a realistic CLSC network problem.
Instances are produced, based on randomly generated parameters, to illustrate the properties of the problem and to derive insights. It is important to mention that our interest does not lie in studying the computational properties of the model, or investigating the complexities in solving the problem, but rather in providing insights on the effects of the changes in various parameters of the problem on a number of performance measures, defined below. We then derive some managerial insights for different scenarios.
Data Description:
OEM: An Indian Automobile Manufacturer. The unit transportation costs are calculated based on operating costs that are correlated with the amount of service provided, and include costs of fuel, salaries, wages, operating supplies, insurance, and depreciation (Forkenbrock 2001 ). Optimal amount of Shipment of all categories (in Units and Tonnes) for each network facility, which generate maximum profit from the whole supply chain management In 2013-14, the OEM of VAR1 and VAR2 generated a total profit after tax by sales and after sales services of 16351 Intel Xeon 3.16 GHz processor with 1 GB of RAM, and the computation time required in solving the model to optimality using the LINGO software. Table ( 3) refers the payoff matrix for the sequential form of equation where, objective function value i.e. contribution margins or profit are considered as pay off and percentages or probabilities are considered as realisation time and / or delivery limits for each strategy. Now, the percentages of occurrence for each strategy came out from the sequential equation where 1 or 100 is scaled as the total length of planning horizon (four periods) i.e. 365 days. Subsequently, percentages are multiplied by that Frequency of Demand The results obtained for the computational experiments and sensitivity analysis on realistic instances had provided some of the following significant insights:
(1) Based on the current estimates, refurbishing and fixed costs do not seem to be as important as the cost of transportation and purchasing. Total transportation cost is the dominant factor in all operational costs.
(2) A 40% increment in demand of new car causes a (100 -79.57)% = 20.43% reduction in processing cost of used cars (PCM 12).
(3) If the decision-maker increases the collection rate from 5% to 40%, the total cost could be decreased by This analysis signifies that, 40% increment in demand, collection rate and capacity impacting minimum 10.21% to maximum 20.43% of reduction in certain costs imply profitability. So, viability of recovery program is significantly dependent on substantial growth of refurbished automobile market. Green image branding, take-back laws are most effective way of imposing recovery program in the market.
Finally, if decision makers of OEM want to change or increase the number of strategies for this network, they would do the sensitivity analysis for all the eight strategies and compute RLTs and/or delivery limits accordingly. Now, if the decision makers do an empirical study on the basis of historical data, they may find out a pattern of the input parameters of this model. So, the decision makers could plan for the entire manufacturing cycle and remanufacturing cycle by simulating this model again and again with different patterns of input. This model will help the decision makers of automotive industries to achieve a sustainable and green production system with longterm benefits. Decision makers of OEM may also compare the strategies with the effect taking place at the aforesaid performance criterion measurement (PCM) for changing a percentage of key input parameters.
Sensitivity analysis helps the automotive manufacturers in decision making related to start of any such recovery program.
Conclusion
In this research, a strategic CLSC network is considered to meet the requirements of the auto industry. It may also be used for different industries' requirements in green image branding. A mixed integer programming model has been developed that embraces a multi-parts, multi-period, multi-product and multi-strategy forward and reverse chain. Using a realistic forward distribution network as a base case, we have explored a number of strategies for closed-loop network, where the effects on the various performance indicators are considered for the problem.
Issues such as demand, capacity and collection rates were investigated. Moreover, the sequential equations are formulated to compute the realization time or delivery limits for swapping each strategy. This paper contributes to the literature by: (1) developing a strategic, integrated, multi-echelon, multi-period, multi-product, multi-parts and multi-product mixed integer linear programming model to optimize the production and distribution planning for a CLSC network; (2) understanding realization time and delivery limits are considered for each combination of strategies and / or delivery limits, which decision makers could change; (3) considered procurement (raw material and ELV) and reintegration (used-parts/products) costs to manage the realistic trade-off problem; (4) developing an experimental set up for sensitivity analysis that sheds light on the interactions of various performance indicators using the proposed model through a sample problem. For future research, a Bayesian belief network model can help in analysing different modes of risks involved to make the auto recovery program profitable and viable with mitigation strategies. In addition, a Markovian model could be developed in place of sequential equations to find out the distinct moments in the planning horizon for swapping strategies. The pricing strategy for ELVs is also a significant challenge, which may be another potential area for further research and investigation. :
